AbstrAct
aquatic environmental factors are very changeable in short periods. among these factors are ph, temperature, dissolved oxygen, ammonia and ions. nitrite, as one ion naturally present in aquatic systems, deserves particular consideration as it is highly toxic for many species. among fish, nitrite may have harmful effects, such as methemoglobin (mthb) formation, disruption to the gill and hepatic structure, which could result in hemolytic anemia and cell hypoxia by reducing the functional hemoglobin content. in this work, we compared hematological and metabolical responses of pacu and its hybrid tambacu exposed to 20 ppm of environmental nitrite. it was observed that the mthb content was less than 18% in tambacu while pacu reached nearly 8%. these data reflect specific differences in nitrite uptake by the gill. the hematocrit of both fish was distinct; pacu did not have a typical response of poisoning by nitrite. this fact shows less skill of the hybrid to cope with environmental nitrite. incipient hemolytic anemia was observed in pacu and both species presented a neoglycogenic profile. the glucose-provider character of the liver was more evident in tambacu. the white muscle of both species presented distinct metabolic behavior. while in pacu the white muscle was predominantly oxidative, in tambaqui the lactic fermentation was the most important metabolic profile. metabolic and hematological observations in both species show that they present distinct metabolical strategies to cope with toxic effects of nitrite and there is no evidence that the hybrid is more resistant to nitrite. found in cases of environmental hypoxia (smith & russo, 1975) . on the other hand, the damage caused to gills and liver by nitrite alters two of the most important regulatory organs in fish and can, therefore, cause serious problems in maintaining homeostasis. moreover, nitrite is also known to induce hemolytic anemia (scarano et al., 1984) , which can aggravate the metabolic hypoxia stress. pacu (Piaractus mesopotamicus) and its hybrid tambacu (Piaractus mesopotamicus x Colossoma macropomum) are bred on a large scale in brazil. this hybrid is considered to be more resistant to many environmental impacts. the exposure of these fish to nitrite in some types of cultivation systems is usual and different degrees of sensibility of both species can sustain advantages of cultivation of one over the other. the aim of this work is to evaluate and compare the effects of environmental nitrite on the hematology and intermediary metabolism of both fish.
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Juveniles of P. mesopotamicus and the hybrid tambacu were kept for four weeks in 2,000 l tanks supplied with aerated, thermostatic and filtered water, under natural photoperiod for acclimatization. the fish, weighing 51.21 ± 16.50 g, were transferred to two experimental 200 l tanks (six tambacu and ten P. mesopotamicus) where they were maintained for five days. the water conditions in these tanks were equal to the original. twentyfour hours before the experiment feeding was discontinued. pre-dissolved nano 2 was added to one of the tanks to a final concentration of 20 ppm. the other tank was kept as a control. after eight hours of nitrite exposure, the fish were killed and blood, white muscle as well as liver samples were collected and frozen in liquid nitrogen for posterior biochemical analysis.
the aliquots of the blood samples were withdrawn in heparinized syringes and used introduction aquatic organisms are exposed to many environmental factors, which fluctuate in short periods of time. natural aquatic environments are very dynamic and, therefore a number of parameters are variable but usually in a predictable way. among them, ph, temperature, dissolved oxygen, ammonia and ions can be pointed out. these factors, throughout the evolution process, have enabled animals to adapt to their habitats (hochachka & somero, 2002) . however, human interference in natural processes has changed many characteristics of various environments. an example of this is sewage dumping in rivers and lakes. furthermore, in artificial systems, such as fish farms, these parameters vary greatly, especially in high-density systems. nitrite ion is one factor that can be of major importance in both natural and artificial aquatic environments because of its toxicity. nitrite is a natural anion which is found in aquatic environments due to the nitrification process. although its concentrations are usually low (eddy & williams, 1987) , various processes can interfere in the balance of the nitrogen cycle. among them, pollution of the aquatic environment is known to cause a considerable increase in nitrite concentration (nikinmaa, 1992) . as a matter of fact, the level of nitrite is used as an indicator of impacted areas. nitrite toxicity to fish, as a result of high environmental levels, is due to various processes including the formation of methemoglobin, which is a non-functional hemoglobin form and the cytolysis of hepatocytes and gill chloridecells (arillo et al., 1984) . fish can be especially sensitive to nitrite because of its competition with chloride to bind sites in the chloride-cells (bath & eddy, 1980) . nitrite can actually be found in high concentrations in plasma of fish exposed to high nitrite levels. (margiocco et al., 1983) methemoglobin formation can induce cyanosis and a physiological state similar to that for hematocrit (lima et al., 1969), hemoglobin (drabkin, 1948) and methemoglobin (benesch et al., 1973) determinations. the remains were centrifuged and plasma samples were obtained, in which the contents of glucose (dubois et al., 1956) , lactate (harrower & brown, 1972) and pyruvate (lu, 1939) were determined. in the tissues, the same metabolites were quantified in 1:10 w/v extracts of 10% trichloroacetic acid (tCa). in addition, the glycogen content was determined (bidinotto et al., 1997) . the data obtained were analyzed for normality using the KolmoGorov-smirnov test and afterwards the means were compared using the parametric t-student test. all tests were done at 5% level of confidence using the Graphpad prism software. results the hematological parameters (table 1) changed in both species. in tambacu, both the hematocrit and rbC reduced significantly. in pacu, the hematocrit increased while the rbC was reduced. furthermore, the hemoglobin from the pacu exposed to nitrite was lower when compared to the control. the metabolic profile was also altered in both fish (table 2) . in pacu, the glucose decreased in the liver and white muscle, while the glycemia remained constant. there was an increase in liver glycogen in the liver, while muscular glycogen levels decreased. pyruvate increased in the white muscle and plasma, while lactate levels were lower in the muscle of exposed fish. lactate/pyruvate (l/p) ratios were lower in white muscle and plasma of fish submitted to nitrite. in tambacu, glucose levels were higher in the liver and plasma. the glycogen content of the liver and white muscle also rose in exposed fish. there was an increase in plasmatic pyruvate, while in the liver this metabolite decreased. fish exposed to nitrite presented increased lactate concentrations in the liver and plasma, but the l/p ratio only changed in plasma. discussion significant amounts of mthb reduce the contents of functional hemoglobin (hb) and a consequent hypoxia is predictable. however, when compared to environmental hypoxia caused by a reduction of partial pressure of oxygen (po 2 ), the functional hypoxia is essentially different. functional hypoxia is a consequence not from the lack of oxygen, but rather from the impossibility of carrying the available oxygen due to a decrease in the functional hb concentrations. the contents of mthb observed in tambacu exposed to nitrite (table 1) were low (the highest was approximately 18%) as compared with values reported (souza et al., 1995; bath & eddy, 1980; schoore et al., 1995; tucker et al., 1989; hilmy et al., 1987) . in fact, similar mthb concentrations were found in Hoplias malabaricus exposed to 30 ppm of environmental nitrite (moraes et al., 1998) . lower mthb concentration in both species (pacu and tambacu) can reflect a particular ability to recover basal values of hb or specific differences in the nitrite uptake by the gills.
the hematological responses observed in fish exposed to nitrite differ to those reported for environmental hypoxia; nitrite should cause 18.67 ± 1.46 fish were exposed to 20 ppm of nitrite n-no 2 for eight hours. hematocrit and methemoglobin are expressed in values (%) ± s.e; hemoglobin is expressed in g/dl, rbC in millions of cells per mm 3 and mCv in ml. significant differences are indicated by (*) when p < 0.05 and (**) when p < 0.001).
hemolytic anemia (scarano & soroglia, 1984) . the hematocrit responses observed in study species after exposure to nitrite were different. pacu did not present a typical hematological response to nitrite poisoning. we actually found an increase in hematocrit of pacu, which is a common response to many stressors or even the environmental hypoxia. hemoglobin concentration in pacu was significantly reduced and this might be a consequence of an initial process of cleaning the red cells affected by mthb formation. this can be a strategy which is not observed in the hybrid and should support the hemolytic anemia referred to above, as well as a more efficient or prompt response to nitrite in pacu. on the other hand, the number of red cells (rbC) decreased in both study species. this is usually observed in fish exposed to low po 2 (fievet et al., 1987; peterson, 1990; moraes et al., 1995, 1996) . however, considering the opposite responses observed in the hematocrit of studied species, the larger red cell volume (mCv) of pacu suggests the presence of regulatory effectors in the hb within its red blood cells. this set of hematological responses suggests that these animals were exposed to a lack of oxygen supply, at least to some extent. in addition, the responses were slightly different and the hybrid appears to be less able to cope with the environmental nitrite.
one of the major strategies to survive hypoxia is the regulation of the glycolytic pathway (hochachka & somero, 2002) . the liver of both fish showed a glucogenic profile, however the tambacu´s liver appears to have a neoglucogenic outline since in this tissue there was a significant reduction in the lactate concentration while the l/p (lactate/ pyruvate) ratio was constant due to a reduction of pyruvate. the alterations in glucose and glycogen content can be understood in two non exclusive ways: glucose can be exported to other tissues, especially the brain, or it can be converted into glycogen. the tambacu´s liver provided glucose in a more evident way than pacu under a nitrite effect. if plasma concentrations of lactate and pyruvate between the study species are compared, it is clear 647,0 ± 49 496,1 ± 13** 26,9 ± 1 23,8 ± 1* 6,1 ± 0,1 6,6 ± 0,2 pyruvate 1,36 ± 0,1 1,40 ± 0,1 0,45 ± 0,1 0,90 ± 0,1** 1,02 ± 0,1 1,9 ± 0,1** lactate 7,75 ± 0,5 7,32 ± 0,2 43,02 ± 1 37,09 ± 1* 2,40 ± 0,3 2,7 ± 0,2 l/p 5,93 ± 0,3 5,42 ± 0,4 112,6 ± 0,1 46,3 ± 5** 2,4 ± 0,3 1,40 ± 0,1** tambacu Parameter tissue liver Wm Plasma control exposed control exposed control exposed glycogen 329,4 ± 28 438,6 ± 34* 6,6 ± 0,5 10,4 ± 0,7** --glucose 396,7 ± 25 484,4 ± 25* 12,25 ± 1 11,75 ± 0,2 3,4 ± 0,5 5,1 ± 0,1** pyruvate 1,55 ± 0,1 1,01 ± 0,1** 0,92 ± 0,1 1,09 ± 0,1 0,77 ± 0,1 1,19 ± 0,1** lactate 9,96 ± 0,6 6,85 ± 0,3** 30,52 ± 2,0 30,14 ± 1,9 3,66 ± 0,1 4,71 ± 0,3** l/p 6,3 ± 0,3 7,0 ± 0,2 29,4 ± 1,6 27,7 ± 2,4 4,0 ± 0,4 2,7 ± 0,3* the fish were exposed to 20 ppm of nitrite n-no 2 for eight hours. the values of metabolite concentration are expressed in µmols/mg of wet tissue ± s.e (except the l/p-ratio [lactate]/[pyruvate]). significant differences are indicated by (*) when p < 0.05) and (**) when p < 0,01.
that there is a fermentative response in tambacu. the level of lactate was significantly increased, as well as the l/p ratio in this fish. the white muscle is adapted to sustain its activity in the anaerobic consumption of glucose (hochachka & somero, 2002) . however, to accomplish this status the white muscle must adjust the set of glycolytic enzymes. moreover, white muscle can sustain higher levels of lactate than other tissues (hochachka, 1980). we observed two quite different metabolic responses of white muscle in both fish to cope with nitrite. the liver might export the excess of glucose, produced by neoglucogenesis, contributing to the white muscle glycogen synthesis and supporting the white muscle energetic demand. lactate fermentation was the metabolic preference of the white muscle in tambacu. this statement is supported by having observed a significant increase of glucose and the l/p ratio in the plasma. the lactate surplus should be exported increasing the lactemia. on the other hand, the tendency to increase the pyruvate plus reduce the l/p ratio and the lactate concentration in the white muscle of pacu suggest that the white muscle was prevalently oxidative in this species. the tambacu´s white muscle presented the same strategy reported to C. macropomum exposed to nitrite (souza et al., 1995) . the metabolic profile found in the liver and white muscle of P. mesopotamicus is very similar to the one presented by the fish exposed to severe environmental hypoxia (moraes et al., 1997) . the metabolical observations plus the hematological response in pacu and tambacu indicate that even low levels of methemoglobin were able to trigger a set of metabolic responses to cope with a reduction in oxygen availability. in addition, the present findings point out different metabolic and hematological strategies of two close related fish. the first strategy to cope with functional hypoxia resulting from environmental nitrite is connected to hematological adjustments. the usual reduction of the number of red cells to likely increase the blood fluidity was observed. very low levels of methb suggest a blood enzymatic mechanism to recover hb (avilez et al., 2004) , however the hybrid seems to be less effective. hepatic neoglucogenesis was observed in the hybrid followed by a white muscle fermentative profile but an oxidative preference was observed in pacu. in conclusion, the metabolic strategies were common in some aspects of the environmental hypoxia only reported for many fish species, and the comparison between P. mesopotamicus and its hybrid with C. macropomum suggests no advantages of hybriddescendents to cope with environmental nitrite.
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